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(54) GRAPHITE COMPOSITE MATERIAL AND ITS PRODUCTION 



(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a graphite composite material suitable as a 
cathode material for lithium secondary batteries, etc. 

SOLUTION: This graphite composite material comprises graphite particles and solid 
element fine particles. The graphite particles are contained in an amount of at least 40 
atom %, and the element fine particles have a particle diameter of 900nm and are 
contained in the graphite particles in a dispersed state. The element fine particles 
comprise Li. Si, etc. It is preferable that the element fine particles partially form 
intercalation compounds together with the graphite particles. The graphite composite 
material is most suitable as a cathode material for lithium secondary batteries large in 
discharge capacities or as an absorbing material for adsorbing various kinds of 
substances. 





(19)B*S#flFfi* (JP) 02> ^ 4# 1^ ^ ^ <A) 



#11^9 - 249407 



(51) Into.' IWIE^ /7•|*^ffia»^f FI 

C 0 1 B 31/04 10 1 C 0 I B 31/04 1 0 1 Z 

31/00 31/00 



HOIM 4/02 




HO IM 


4/02 D 


4/04 






4/04 A 


4/58 






4/58 








»«3B®»11 OL 7 M) 




ftWW-58115 




000003609 












¥jS8¥(1996) 3^14H 




















mas W9B 








SI«lft»»»SX^:*:^JR*«S4l# 








*®l «ciC^«fc«Bf5^BB«3frt 






<72)asew 










»»*a»ll5fe^^:*:i?SjR^^Sii841» 














(72) 










mei»^^SfmB^\ll 2 TB 12» 6 # 






(74)^^31A 












(54) [KM«0«li:3 









(57) [gili^j] 

S$n. ^5c;^^*K[^=-«9 0 0 n mii(T(D«S-C*-p r 
-5. TclRSite^tLrL i . S — SP<D7C^ 




C 1] 'J>fj:<thZG «±0*&5?=Jn3iST?f9W= 

-?^»9 0 0 nniJitT©t4S-CA-3-CigMiS*i^'ti{C^K 

Cti3}?^2 ] Bflffi7c3gS(«lt^©7C^WL i , A 1 > S 
n. Ph. Cd. As. Au. Ba. Be. Bi. C 
a. Cr. Cu. K. Mn. Mo. Nb, Ni. Na. 10 
Pd. Ru. Te. Ti, Pt. Pu. Rd. Zr, Z 
n. Se. Sr. Sb. Si. Tl. VGe*fc«Sr 
*-5iS^3S 1 fa4£<DIIS9«^. 

[ffi^ 3 ] |ffffi7n^SS[tft^®7ciS« 5^ -i^ A 

ab '5 if 5 iE$S<DMi3^-^. 

rff e>n-5ifi^i 3 5 o cm-^^^v^e-i'o^fiiifi 

AS. Mifi^ii© a nis^Z/ b f4=£^tf®rt<D^SSi^-9- 
-YX(nm) («T. Lai*^;-^*) <D^^<fc3 7 6<i: 

* s it^g 1 f at8©iiisis^. 30 

C5S*«8] pfiBLa«4. 0 nmtiT-C*Si»*:^ 

m^9] fJiB L a <h iys«i§© c w:;?rfij®i(SSfii 

^t^'^X(nm) (fe(T, L c iifftrT*) C03?fS<fcoa 

*s 0 . 15 in±v$> hmmm i ie«cD^a^. 
[if^ 10] j-fjM,2.!KMm<o^mnt or^ 

[ffl^ 11] < i 4 0 M^%<DIISS*4^ i . 

JMt. 40 

^wst^^'ptji < i 1 2 G«±©t9Sf!»nast?i»»i/ 

CO 0 0 1 } 

mmK.^m-st\^m<im-^'.cmrh. so 



#g3¥9-2 4940 7 

2 

C0002] 

C5 0ft:|lisa^«. CVD]S««:J:i5?BRg3n/cfe<D 

ib. li^ts <~ 1 0 0 o*c) -ciiifii»testc;3ii-rj& 
[0 003] -is, nifii&^i. 

8 7 4 omixm) ^. m^^t^micmm^M^xmm 
m^ic^S'S:nxLxmNiit^i:mtsm>:m£ (^^gg 

^4-79 1 5 3#J2;«) 3&s^6n-ci,»s. 

CO 004] 

C^?l!*J«?^LJ:5i-r-5^] itrffiCDCVDS&tcJcO 
^filS^* y ^'■f A 2ij^«ife©ft@Wif4<i: LX^ L 

ig^ffl«:teit5llifiiK-?-®y^'^A)Bt«^S*i 
tfft:*. V^0A2:'Xm&<D-^mimtLX^Ltcm 

[0005] -:/7. ±iB^Jii*tti«5L-rmti-ciiiiSi« 
mim'^^xm&^tifcm^m'^mt. msfpicmmit-^ 

mt^i:*H-^i'iC^tmn-$tlXi5P>r. y^^-fAE 

•^m^<D-kmtnt b xmm v fcm^ic^&^m^m 'o is 

C 0 0 0 6 ] ±feiittfcsi<i5^r!fe sn/tt© 

-c*f). y g^'?A2>xmrtfe#©ms«fsf^«cfijfl3$*T,-5 

CO 007 ] 

CgBS?r»*T2>fc»0^ia] HiSti^ 
t»5S*^!EO»^^T?«5«fl«J«c;©5?=-r S C i (c J: 

[0008] T<£t>-^, *^©SSS1S^!8}«. ii>'5: < 
i 2 G«±©«&»J!)n3iS-C«9«tjg^SnA:lll8iK[^ 



(3) 

3 

< i 4> 4 0 m^%^ttl, mt^Win^it 9 O O n mJJl 

[0 00 9] 10 

SiSlglCl 3 5 0 cm-»07V>t:--d'©#(iiipi*i, HIS 

m) (J«T. Lai^isrS) OiEtS:i37 6<!:OS{Cl 
9. o«:J!]n;?.rtffit$ns<i<£f3 fc/hSl»ffi-C*SCi 

mm < . mrnU^^tfitmrn-?: 5 o rt^ a c i ^m^m 

[0 0 1 0 3 S6{C{J, *^?g©l|^MS©7-7>f- 
i'©itiffii®l3:La©jS!IKi34 1 t®S«Cl 0. 5 4ttl 

Lti, ^C*J. CC-CLa«4. 0 nmJilTr^SCiTJs 

ass L < . Mia®Site^^«Jt©/i©a*s^c •j (om 30 
3 3 nijyso c fi* isi©«aiia^-9- X L c © 

jJ»|gttLai©S (La/Lc) *S0. 1 5ti±-C4>S 
Ci*lM*L/l>. CC-C (La/Lc) *iO. 1 5fe(± 

■r*sc<t«. :P:»eficc:«. c©|lifi©StfeSAiB©S 

[0011}La*4. 0 nmttT<i:-riCi«Cj;«3. 
ll^©SRSli©«4^iai«c^rS^7L*it»D S^^Ctifi 
Vfti>. "tl^X. (La/Lc) =&0. 1 5«±if 5 
Ci-C. ||gfl«ig©alS*iJ:Ufbtt«:$tfSP*3©^© 40 
M*SJJ:j!>J6. *^?B©Mi&lft-7-», 10 0m' / 

C 0 0 1 2 ] Sfc. *^?B©Mi9SbteS©7l<^7E^©$ 

Kit (H/C) 3&S0. 0 5«T-C*SCi*s||*Lt». 
cn«:j:i3. ?k^. »^©Ttieite©^*aAi'J>)&< 

0. itestft^©*«8KjBfiS3n2>cne.©'irfigs*!S6 so 



1$g3¥9-2 49 40 7 
4 

[0013] ^Mm<DM^n^itm^^mntL. mm. 

©Wt^^^MISiS-?'. iSE|Sltt^53-«||JS (HOPG) © 
<fc 5^cll^{l:S©lSt»A^lli9*ffli'»'5.c <t*JMS b 
^^m<D7t»m^^i:bX<D7iS^it, Li*Jj:CXL 

i t^^J^Ric-rS^JSt UriiA 1 . Sn, Pb. C 
d. Ae. Au. Ba. Be. Bi. Ca. Cr. C 
u, K. Mn. Mo. Nb. Ni. Na. Pd. Ru. 
Te. Ti. Pt. Pu, Rb. Zr> Zn> Se. S 
r. Sb. T 1 Sfc{iV*W5Ci*irS^S, Lit 

iiZCtifiX^^o */c. C©7n^Sie-?<!:br©7C^ 

[0014] *>*»S7clgSt3Blt^»*©¥i^)^a**9 0 0 
S7C^aiiite^^-C«¥*&«iS*i9 0 0 n m4ffl^^) i^Ji 
^.^fcHf^iCL i <!:^^€:f'P^<»:*©«f^{tAi:iit#< . 

[0015] *lfeq8©iy&S^«5«2 G«±©3^»ftljl 

^©7C^SItiK^=-« Mis <b ar^f fc^«: JKfiK o r t » 5 © 
SfcST^l OJ[lT-%«±*5J:0Sf*bi,», C©»^. ^ 

[0016] lI4K3f:^?^©||Jfi1g^©||ifi)Kt^-i7C 

*^W©ll«8«^*«fiR-r-2.||«flt4-^K4 

±-r*4'iti?5wa5. iyfi«iL-?-©sai-&3!)U 011^=-%*?® 

©li^. ±IB7cSg'«e-?<fc©^;ffl^tSt*«BSS{Cfj:5. $ 
fc. MJSS[^©9I^(i9 9;i^%JJlT5!iW*Ut». ±12 

7c^^^=^©f!i^j)s 1 jii^?6*si©ti^, ±^7cmmA 

[0017] ^^m<D^m^mtmmtmi^7cSi(o^ 
t»¥^«2G«±©i«ii>i9«*tti2a*jf#6nst&j^^ 

^fc. jes'i?--'i'5;u«i 0GW±©m^*»s*tinjia*5 



(4) 

5 

(0018} 

CO 0 1 9] Tc^aa^icDa^iurt^ifc 

■^A-f:*->*s^fitc3i0ji*n.2.Cifc^c-&. $6«c, 

^{t3tiS';^-i;Aa*ii9flnT "jg^-^^A*! 

[0 020] l|S9iK^^<tMM{t:^=&?l5fiS-r45S 

Piic-^m<D 5"-^? A :t>*i)iia{t^«j<D®ra{c > » 

[0 02 1 1 *^^®||i9i®^ig»«. nistsi^t 
[0022] 

(iiJSFa 1 ) nsfiifca 0.92 om^^m^'f^mmm 

(HOPG) if&5l54. 5 si. '>'J=I>■5x-'^-^:f&«i 
t3 0 0^ f 1 692? (MiS 

9 0M^%) ^*^e)>5:SJ!l^E^ie^*;fe|s$^o, envies 

BMt L/llifi©«&»ig<i* Ofc, Cti^ 1 5 0 G©i«&i* 
MSS«:J;orS?a-CO. 5B#raie&»b. H^^ii' 

[002 3] t#F,tiA:||^ffl^^{cot,»-cX|gIl?r*tf 
ofc. C©<i:*. i®jiS*CuKaibra'J^«:?f-:./c. 
aiCeK: J: f) ^6tifcXiiaiI*f :? r 5 icm 



ij$gS¥9-249 40 7 
6 

[0024] 

(!^1 ] L = 0. 9 c o 

S{*3 5 0 nmr*ofc. C<D*Sm:0. 9 00nmJJi 

[0025] (ieiSC?«2) *»5$tt]aS41 0 OG. t9» 
1 il^^iCL-rxmHSr^tft^ S6«:n^5n^>X,«liI 

>aBHl©SfS«9 5 nmr&ofc. C(Ofe*J:0. 9 
0 0 n m\^X^<Dn^^^r^iy'} 3 >gR^S*l|lifia-& 

3 ) mmtS. 0.93 <D5^J^ ( *@ iljm* 
il)t9*4. 5 04gi. ^'J9=-'i;At&^0. 868 

ixmsL^ 1 oG. )(»s^iB#ra* 1 2^Ht-r-5«w**Sfi 
«f!ii tmc^Tis^L. mssiSLj-t yg^-^ASi^ad^ 

[0027] ^6ti/cMI&a^!ii«:ot,!.-c. i®iS*C O 
Ka<!:L/-CX^Il»T*tTl>. S7 {C^SnSXilSllJf 7' 
07 T-^;!'*??)^. a7<D2 0*l2 7. 9* VM.fbtl^ 

[0028] ^<om^. m.im.-^^'<c^t.ni>mm{t 
-^omm^viz. 7 1 nmr*o/c. cn«. >;5^ 
■i7A*iMia©®PflK:A-7-cj^^^tijtara{t^<7>ii»i 

(tfcSJW 1 ) HiSffcS 0.92 ©SSffilfiltt^^SIII^ 
(HOPG) 2. 4 0 2 2 ^<^:^";^>■i'X-'^-4|&^ 
03 0 0 j< ■y>':»-C^}iRL//ct>©2. 247 g(jyS2 

[002 9] nhiifcm^n^micr>\.^x. mmm i i 
[^«(cL-cx«iHiSf*m\ astcinsnsxiaisijf:/ 



(5) 



[0 0 3 0] -E-cDM^. jiifiS^«K:^^n^'>y 

l O 5 n mr^^/Co C<D^:^J:0 , 
9 0 0 n m WTcD«iS^Wr ^ y n y^m^i^M^W. 

^)t9*2. 40 2 2 gi. ^fSU^-^Aia^S. 5 5 

2 8 (iiiS2 om^f-ro) 3ii^^^c^M*4«&**ss«o, 
j|»i*jjoiss^ 1 OG. i&Ks^^ra^ 1 2m?str^im^t 

[0 0 3 1 ] whtiftM^mm^wc-oi^x. mmm 1 1 

(Jt«JW3) 2oco>'^';^:r^wr'6^^Vu 
^CD-^CDWKcmfkgO. 9 3<DjfimMim (^mOsM 
«S) 4. 504fir«:An, :^<C#JK:^ y ^»i7 

A«&^0. 8 6 8g (lliS7 5il^%) ^An. Wrt^ 
O-'To r r iL. mmotc. ^ 
br. WcDWcaXO W:f6n/ct-^-fcj:or. MIS 

i^JSU^'^?A3t»5SS:^n^n3 0 2 7 0''acj[jn 
(<.x->xmm^t^i^m^iti. m^n^tv^o^^ 30 
[003 2] nhtifcmsm^mc-:^^^x. mamz t 



9-249407 



8 



m ccDIIISS^44ms%cD-r:7n> (PT 
FE) tmMhfc^ -eur. cn6iiis«^«:^n^ 

5mm. j?$5 0 um) ±«:EEaiS£?l5Ur||jSffi^<^ 

^X; as 15 mm. /1$1. 8 mm) 

2mmxo. 5mmx3mm) ^ffll^ SjB 

;^>/ h<b?:-^n^n»ai:bl : ixm^hfc^t^lm 
o l/l (DL i PF. ?:^flSLytjg^:^ 1 m 1 
r;j<:>>?^y^'i^A2>^mrfe d^-rX ; ii:S2 Omm. 

[0 0 33] f^$ju/c»;^'^A2;^^?teoa®ifa^, 

ffiS^19. 2mA/giL.'C-5£fC«feitc;&i6?aKm 

0. 0 5 ViL. ^m^cD^m«^±^{4^.3. OVt 
L/r. 0. 0 5Vi3. 0 V<DHr3tfiScm€: 1 0 00^ 

[0 034] nmm 1 -3 *j<fccfit®«?9 1 --3 cDnsea 
y ^ A 2 ^xm?t6©»j[eicDa!cm 

SS^^ 1 JCTj^-ro */c. 1 0 0IiIJS*3igU/'c 

[0 035] 

[1^1 ] 





ft^grg (mAh/g) 






7 8 3 


8 7 


2 


7 0 5 


9 1 


3 


8 12 


84 




3 5 8 


2 


2 


10 2 5 


4 


3 


6 8 3 


2 



^l7&>6?B6A^>j:cfc^iC. |65Sfi?lll-'3CDBJ&a^* 
<^L//cy ^':>A2^XS?tk&i. 7 8 3mAh/gr. 7 0 
5mAh/g. 8 1 2mAh/fir iftt^ft^SS^^L 
tc. */c. 1 0 0lplj^0iMl//cf*<O&mSS 

8 4-9 l%i&S^acDm^*S}*^€:5^l//t. C 



50 



1556^1'- 3 CDHISa^t*. Jt®«?«l'-3CD||ifitt^ 

^tctt-<. y^'?A2;xm?{fe<omffiM5tsJibt:«nri> 

[0 03 6 ] 



(6) 



9-249407 



10 



[0 03 7] i/t. :^^m<Dmim^\tL i *jj:o-s 

^ jSfllig^W-r 2>fc«f)1f i' >; 5^ A 2 

L i i^#^o< o^ascssjt&^i^csn^.. 20 
xmrnconmunt 0 -c^m-r s c <t k j: 0 . t^so 

^ A -r 3»- >!{»s. USStSi^fc J: VI^MSSfflfk^O 
:;Ac*c»y5^'f A2;j:srt6i-r.5Ci*ir#s, S6{c. 



ITS. 

[^M<DfBr«}'^3i^] 

[02] c<omt. :*:^?g©nifla^«!i*«fisrrsiii9 
[03] *^i?©Mifiifi-&^©^iFK.®*^ 

[04] C©0». *^l^©SJ9ffl^^®iira{fc^* 
0-C*S. 

[05] co0«, 1 ©HlfllS^ccot^rXiS 

[06] C©0tt. llliS^2<DlliS®^{c-:>(,i-rXM 

[07] c©0«> IS!ifJ«3©lllS1S-^K:ot,irx^ 

[08] c:®0«. tb®0iJi©IIIS»^{coc»-rXi|g 
ibst -p /t i * {c n/tx ig[Bi*T f- ^ *iK-r0 r 



[01 ] 



[02] 



[03] 



La 




[04] 




350 
300 
250 

I 200 

i ^so 

100 
50 
0 































s. 








































A 




~L 1 11- 




1 1 I J 


-till 


1 l-L-l- 


t 1 t t 




2 3 
La (nm) 



(7) 



^^ia¥9-2 494 0 7 



me] 



o3 lCJ:-6e-^ 




(ISOCO. 5h> 



10 20 




( I 0 0 O A h> 



30 40 50 GO 



70 80 



[137] 



[08] 



o 



S 0 0 0 

S 5 0 0 

s 0 0 e 

4 5 0 0 

4 0 0 0 

9 5 0 0 

9 0 0 0 h 
2 5 0 0 
2 0 0 0 
15 0 0 

10 0 0 
5 0 0 

0 



\ 



10 20 30 40 
2 9 C o k ay d « ff. 



S 1 c:J:4 t:-? 




30 40 50 60 



52845#H&256 



